ABSTRACT
INTRODUCTION
Corrosion is the destruction of a metal by its reaction with the environment; this reaction is an electrochemical oxidation process that usually produces rust or other metal oxide [1] . Structural steel is used in most metal water front structures because it is strong, readily available, easily fabricated and not excessively costly. The steel is normally used for such accessories as bitts, bollards, cleats, and chocks [2] . There are many types of marine corrosion that can occur to steel water front structure (e.g. galvanic corrosion, stray current, differential environment, Vol.10, No.10 Corrosion Behaviour of Heat Treated Rolled Medium Carbon Steel 889 erosion corrosion, and biological corrosion) and many methods for corrosion control. Heat treatment of structural steel is one of the way of improving its resistance to corrosion. Heat treatment involves the application of heat to a material to obtain desired material properties (e.g. Mechanical, corrosion, electrical, magnetic e-t-c) [3] . During the heat treatment process, the material usually undergoes phase microstructural and crystallographic changes and this has effect on the corrosion, mechanical and electrical properties of the steel [4] .
Rolled medium carbon steel products are produced through a forming process called rolling. The process is carried out in a rolling mill which consist of a complex machine for deforming metal in rotary rolls and performing auxiliary operations such as transportation of stock to rolls, disposal after rolling, cutting, cooling, piling or coiling e-t-c [5] . To study the corrosion behaviour of heat treated rolled medium carbon steel and the as-rolled steel in marine medium (NaCl); 24 specimens were prepared from the as-rolled medium carbon steel sample; 12 out of the specimens were heat-treated. The corrosion susceptibility of the heat treated specimens and as-rolled specimens were investigated.
The objective of this work is to investigate the effects of heat treatment on the corrosion susceptibility of rolled medium carbon steel.
MATERIALS AND METHODS
The material used in this study was 12mm diameter rolled medium carbon steel. The spectrometric analysis of the steel was carried out; The Chemical compositions from the analysis are shown in Table 1 . Twenty four specimens were prepared from this material using lathe machine; Twelve out of these specimens were heat treated. The corrosion test and metallographic examination of the as-rolled and heat treated specimens were carried out.
2.1.Determination of Operating Temperature
The lower critical temperature (AC 1 ) and upper critical temperature (AC 3 ) were determined by Grange empirical formula [6] as presented here. 
Heat Treatment Processes
Representative samples of as-rolled medium carbon steel were subjected to heat treatment processes 2.2.1. Quenching + Quenching + Lamelarizing + Tempering (Q+Q+L+T)
The steel specimens were heated to the austerizing temperature of 830 o C, soaked for 20 minutes and quenched in water, this process was repeated again before the specimens were thereafter heated to the dual phase region at a temperature of 745 o C, soaked for 20 minutes again and quenched in water. The specimens were finally tempered at a temperature of 480 o C for 30 minutes.
Quenching + Lamelarizing + Tempering (Q + L + T)
The steel specimens were heated to 830 o C, soaked for 20 minutes and quenched in water, the specimens were reheated to the dual phase region at a temperature of 745 o C, soaked for 20 minutes and quenched in water. The specimens were tempered at temperature of 480 o C for 30minutes.
Lamerlarizing + Tempering (L + T)
The specimens were heated to the dual phase region at a temperature of 
Corrosion Test
The corrosion rates of as-rolled specimen and heat treat treated specimens were measured by immersing these specimens in a solution of sodium chloride (NaCl). The cross-sectional area of 
Metallographic Examination
Samples of as-rolled and heat -treated specimen were mounted in hot phenolic powder and were ground on a water lubricated hand grinding set-up of abrasive papers, progressing through from the coarsest to the finest grit sizes. The 240, 320, 400 and 600 grades were used in that order. Polishing was carried out on a rotating disc of a synthetic velvet polishing cloth impregnated with micron alumna paste. Final polishing was carried out with diamond paste. The specimens were then etched with the standard 2% Nital so as to reveal the ferrite grain boundaries. The optical microscopic examinations were carried out on a metallurgical microscope at a magnification of 400X. The specimens were illuminated with 100 kilowatts detachable quartz iodine lamp.
RESULTS AND DISCUSSION

Corrosion Properties
The results of the corrosion rate of the heat treated specimens and as-rolled specimen is shown in Tables 2-8. The corrosion rates of the heat treated specimens in marine medium (NaCl) is low when compared to the as-rolled steel, as shown in Figures 4-9 , this is because the as-rolled steel consist of mainly pearlite in which each crystal consist of alternate layers of ferrite and cementite, it was understood that ferrite is anodic to cementite and this corrode with moisture as the electrolyte [7] . This was confirmed from the microstructure of the as-rolled steel shown in Plates 1-7. In the NaCl environment, the corrosion rate of the as-rolled steel was very high within the first 2 days and after this, the corrosion decreases with increase in exposure time; this is because the FeCl 2 formed during the process is insoluble and forms a protective film on the corroding surface of the steel which effectively prevent corrosive medium from coming into contact with the steel and greatly reduces the corrosion rate [8] . After 20 days of exposure, the corrosion rate becomes uniform, this is because the steel is in the thermodynamically stable phase, the surface of the steel becomes immuned and no corrosion occurs as shown in Figures 5 -16 . It could be seen that the same trend of corrosion rate hold for all the specimens but the steel developed by Q + L + T process have the least corrosion rate followed by L + T process and Q + Q + L + T process. 
Microstructure
The microstructures obtained are shown in Plates 1-7. The microstructure produced by the asrolled steel consist of pearlite while the microstructure produced by Q + Q + L + T, Q + L + T and L + T processes consist of a duplex ferrite martensite but may contain bainite and retained austenite [9] .
The corrosion rates of the heat treated specimens in marine medium (NaCl) is low when compared to that of as-rolled steel. This is because the as-rolled steel which consist of mainly alternate layers of ferrite and cementite, ferrite is anodic to cementite and this corrode with moisture as electrolyte [9] [10] . 
